ABSTRACT
INTRODUCTION
The amount of phase elements in the structure of an austenitic steel welded joint determines its properties, such as its mechanical properties, corrosion resistance or susceptibility to hot cracking. To prevent the formation of hot cracks, the delta ferrite content should be controlled in the range of 3÷12 vol.% [1, 2] . Delta ferrite in the structure of stainless steel provides higher dissolvability of low melting phases compared to Austenite. A higher content of delta ferrite decreases the tendency of cracking during solidification, which is very important in the case of heating condition, which causes the formation of a polyedric structure which does not enable low melting point elements to be displaced to the surface of the weld by dendritical segregation [3] . Different GTA welding variations (e.g. manual/automatic GTAW; with/without the use of filler material) produce different cooling and solidification rates and provide a certain range of heat input. In the case of 304L austenitic steel joints welded by different variations of GTAW method, the whole heat input range provides the conditions for the formation of the structure with a certain content of polyedric structure. Due to the above mentioned aspects, the delta ferrite content needs to be controlled with an aim to achieve the properties of the joint to be suitable for specific applications.
EXPERIMENT
Sample joints for the experiment have been prepared in the scope to represent the mentioned heat input range and to determine its influence on the content of delta ferrite in the structure of welded joints in AISI 304L plate with 2,0 mm thickness. For the production of joint samples, the following GTA welding modes have been used: -Manual GTAW using filler material; in pulse and continual mode -Manual GTAW without the use of filler material; in pulse and continual mode 
Tab.1 Chemical composition of base and filler material

PREPARATION OF JOINT SAMPLES AND DETERMINATION OF WELDING CONDITIONS
Joint samples have been prepared by GTAW method of welding (141 according to STN EN 24063) of material SA TP 304L in the form of 2,0 mm thickness plate without beveled edges. In order to ensure proper backing protection, a Cu backplate with a groove for backing gas flow has been used. Welding conditions and parameters have been proposed to comply with the requirements of visual testing according to EN ISO 5817, class B [4] and requirements on the geometry and purity to achieve the joints to be suitable for direct contact with foods and liquids. Tab. 2 documents the visual appearance of the selected weld joint samples, cross section macrostructure images and the used welding parameters. Evaluation of the weld joint samples has been focused on the following subjects:
A. Determination of the influence of heat input/GTA welding mode on amount of delta ferrite present in the heat affected zone B. Determination of the content of the structural elements in weld metal in dependence on the heat input/welding mode C. Determination of the influence of heat input/welding mode on the amount of delta ferrite present in the heat affected zone Determination of delta ferrite content has been realized by the microscopic analysis supported by measurements using the graphical method. Heat input has been calculated on the basis of EN 1011-1:
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Tab.3 Additional welding variables
After review and comparison of the cross section microscopic images, a certain amount of delta ferrite present in the heat affected zone has been observed. In order to determine its amount and obtain the most accurate values, measurement has been carried out using the following methods: 1. Measuring the width of delta ferrite zone presented in heat affected zone ( fig. 1) 2. Measuring the area of delta ferrite presented in the heat affected zone
1.
Weld samples have been prepared for microstructure analysis using the standard microstructure procedure. Microstructure analysis and measurements have been carried out using the stereo optical microscope Olympus GX 51. Measuring has been performed in three different locations as the thermal load in the reference to the thickness of weld is non-uniform. On the basis of the microstructure images, it can be concluded, that higher thermal energy is concentrated into the root of the weld, therefore the root zones show different amounts of delta ferrite. Measurement location no.2. and no.0 ( fig.1 ) have been placed 300 µm from the weld surface (measurement location no.2) and 300 µm form the weld root surface (measurement location no.0). Isotherm transition line A has been assigned exactly to the place of transition between the weld metal and heat affected zone, at 1000x magnification. At the same magnification, isotherm line B has been assigned to the place representing the average distance of delta ferrite presence. Width of the delta ferrite has been measured between assigned isotherm lines A. and B. (fig. 1 ) Measurement has been carried out on the joint samples performed using all the proposed welding modes in order to determine the influence of various heat inputs on the structural changes in the heat affected zone.
Fig. 1 Measuring procedure of delta ferrite presented in the heat affected zone
2.
Measuring has been performed on the same joint samples as have been used for the measurement of the delta ferrite width, as well as the area of a delta ferrite formation in the heat affected zone has been specified using the same procedure as has been used for the measurement of the delta ferrite width. After the area of delta ferrite has been defined, it is measured using the graphical method and automatically calculated by the software program calculation.
A.
Determination of the content of elements in the structure of weld metal in dependence to the heat input/GTA welding mode This Measurement has been carried out using the graphical method by software Mediacybernetics Image-Pro, intended for structural analysis. Images have been taken from three different locations of the weld metal in order to represent the entire weld metal structure. In order to achieve the highest measurement accuracy, the program has been set to the highest sensitivity of pixel selection. Delta ferrite in the vermicular form and austenite has been automatically detected by the program. Afterwards, the percentual content of phases has been automatically calculated. Measurement has been applied for the joint samples performed by the proposed GTA welding modes in order to determine the influence of various heat input range on the structural changes in the weld metal.
CONCLUSION
After the review and comparison of microstructure images of sample joints performed at different heat inputs, certain amounts of delta ferrite have been possible to visually detect beginning from the transition of base material -heat affected zone and continuing to the heat affected zone, were its amount and distance from the base material -heat affected zone transition is a function of the heat input. Fig. 2 documents the comparison of cross sectional microstructure images of weld joints performed by different GTA welding modes. It is visually possible to detect higher amounts of delta ferrite present in the heat affected zone on the samples performed by the GTA welding using the mode which provides higher heat input (such as manual GTAW using filler material in continual current mode) compared to weld joints performed using GTA welding in the mode providing lower heat input, such as automatic GTAW or automatic GTAW in pulse current mode. 
Measuring the width of delta ferrite presented in heat affected zone
Measurements of delta ferrite in the structure of the heat affected zone have confirmed that the amount of delta ferrite presented in the structure of heat affected zone is a function of the heat input. Measured width values ranged from 18 µm (joint performed by the automatic pulse GTAW mode at heat input Q = 0,77 kJ/cm) to 307 µm (joint performed by the manual GTAW using filler material at a heat input Q = 1,62 kJ/cm). Influence of welding heat input on the delta ferrite amount is presented in the diagram on fig. 3. 
Measuring the area of delta ferrite presence in heat affected zone
Results of delta ferrite area measurements ( fig. 4 ) correspond to the results of width measurements ( fig. 3 ) and confirm the effect of the heat input on the delta ferrite presence. Lower heat input (representing automatic pulse GTA welding) causes the lowest presence of delta ferrite, which has been measured in the value of 0,05 mm 2 , while the highest area -0,54 mm 2 has been measured on the sample welded by manual welding mode with higher welding heat input.
A. Presence of delta ferrite in the structure of the weld metal
Measurement results of delta ferrite content in the structure of the weld metal have shown that increasing the heat input impacts the delta ferrite content ( fig. 5 ). The highest value of delta ferrite content in the structure of the weld metal measured was 20,6 % (represents an automatic pulse GTAW at the heat input Q = 0,77 kJ/cm), while the lowest value 10,7 % has been measured in the joint performed by manual GTAW welding using a filler material in continuous current mode at the heat input Q = 1,62 kJ/cm.
Measurement results have shown that increasing the heat input consequently causes the content of delta ferrite to increase in the heat affected zone, and simultaneously causes the decrease of delta ferrite in the structure of the weld metal. On the basis of the results, measured values have been presented in fig. 6 which shows the structural changes in the weld metal and heat affected zone of 304L welded joints of the dependence on heat input. In terms of weld joint properties, the point of intersection (green circle) determines the combination which provides an optimal solution. In the case of the susceptibility to solidification cracking in weld metal, it is preferable to apply the GTA welding mode providing lower weld heat input such as automatic pulse GTAW, which enables the formation of weld metal structure with a higher content of delta ferrite causing a better dissolving of low melting elements. In the case of liquation cracking in the heat affected zone, it is preferable to use the GTA welding mode providing higher heat input such as manual GTAW welding in continual current mode. Analogically it is possible to consider welding parameters and conditions in order to increase mechanical properties or atmospheric corrosion resistance and increase the total quality of the weld. The diagram is applicable for the stainless steels ASTM SA TP 304L in the form of plate of 2,0 mm thickness as well as for others of 300 series stainless steels (e.g. 304, 304L, 304H, 316) whose crystallization and phase transformation is analogous [6] . 
